ABSTRACT. Testicular steroidogenic activity in 22 boys was monitored longitudinally over the first 6 months of life using salivary T measurements. Samples were collected biweekly. The highest T levels, 130 f 12 pmol/liter (mean f SE, n=22), were observed on days 2-10. The values then gradually declined to a mean of about 30 pmol/liter after month 4. No secondary peak in salivary T appeared, in contrast to the 1-3-month peak in serum T previously reported. The overall levels of T, reflected by the areas under the T concentration curves over the whole period, varied by a factor of three among the subjects studied. It is concluded that postnatal testicular activity may have its most marked physiologic effects immediately after birth rather than at the time of the 1-3-month peak of serum T. The pituitary-testicular axis is temporarily activated in boys 1-3 months postpartum. This has been documented by elevated levels of gonadotropins and T in single serum samples from individual boys (1-6). However, owing to the cross-sectional nature of the previous studies, the timing and duration of testicular activity in individual boys is unknown. Nor is anything known about the physiologic role of the postnatal androgen production. In anticipation of such effects it would be important to know the timing and individual variation of the overall androgen exposure ,of postnatal boys during the early months of life.
The pituitary-testicular axis is temporarily activated in boys 1-3 months postpartum. This has been documented by elevated levels of gonadotropins and T in single serum samples from individual boys (1) (2) (3) (4) (5) (6) . However, owing to the cross-sectional nature of the previous studies, the timing and duration of testicular activity in individual boys is unknown. Nor is anything known about the physiologic role of the postnatal androgen production. In anticipation of such effects it would be important to know the timing and individual variation of the overall androgen exposure ,of postnatal boys during the early months of life.
The new sensitive methods for measuring steroids in saliva provide a noninvasive way of monitoring steroid hormone levels. These methods are suitable even for longitudinal observations in healthy neonates. We have therefore made a longitudinal study of salivary T levels in infant boys with the aim of elucidating the course and individual variation of testicular androgen production during the early postnatal months. Since salivary T levels reflect the circulating levels of the biologically active free (non-protein bound) fraction of T (7, 8) , we actually obtained specific information about the extent of androgen exposure. This can provide us with clues to the physiologic effects of postnatal testicular activity.
MATERIALS AND METHODS
Subjects. Twenty-two healthy full-term newborn boys were recruited for the study by obtaining informed parental consent. The study was approved by the Ethical Committee of the hospital.
Sample collection and storage. Collection of saliva was taught to the mothers in the hospital during the first 5 days after delivery, when the first sample was collected. Saliva (about 0.5 ml) was collected before feeding between 0800 and 1000 h with a plastic Pasteur pipette (Falcon) from below the tongue. If necessary, a small crystal of citric acid was placed on the tongue. The sampling was repeated at home by the parents every other week for 6 months. The samples were stored in home freezers, brought to the hospital during regular check-up visits, and again stored in the laboratory at -20" C.
T measurements. The salivary samples were thawed and centrifuged at 800 X g for 10 min. Aliquots of 300 p1 of the supernatant were extracted twice with 2 ml diethylether. The two extracts were combined, dried under a stream of nitrogen, and resuspended in 300 pl of 0.0 1 M PBS, pH 7.4, containing 0.1 % BSA (PBS-BSA). Recovery of [3H]-testosterone in this process was over 90%. For radioimmunoassay, a previously characterized antiserum to testosterone-3-carboxymethyloxime-BSA (9) was provided by Dr. D. Apter (Dept. of Medical Chemistry, University of Helsinki). The cross-reactivity of the antiserum was 64% with 5a-dihydrotestosterone, 50% with 5P-dihydrotestosterone, 2.7% with 4-androstene-3,17-dione, 2.0% with 5a-androstane-3a,l7P-diol, and <1% with many other structurally related steroids (9) . The antiserum was coupled to Protein-A (Sigma Chemical Co., St. Louis, MO) by incubating a 20-p1 aliquot with 20 mg protein A in a total volume of 2 ml 50 mM NH4C03 (pH 8.0) overnight at room temperature. The suspension was then washed with PBS, and the pellet was resuspended in the original volume of PBS-BSA and stored at -20" C until used.
A ['251]iodo-T tracer (1760 Ci/mmol, from Amersham, UK) was used. Approximately 10,000 cpm of the tracer (100 pl), 100 pl of the 1 : 100 dilution of the antiserum-protein A complex, and a 100-pl aliquot of the standards (1-500 fmolltube) or a salivary extract were incubated overnight at room temperature. The following morning, 2 ml PBS-BSA were added to the tubes, which were then centrifuged at 800 x g for 10 min and decanted. The pellets were counted in a y-spectrometer fitted with an online spline function computer program, provided by the manufacturer (Ria-Gamma, LKB-Wallac, Turku, Finland). The lowest detectable amount was (n = 5) 1.0 f 0.3 fmol/assay tube (i.e. 10 pmol/liter), and the intraassay and interassay coefficients of variation were <5 and 12%, respectively, within the salivary concentration range studied (10-200 pmol/liter). All samples from an individual subject were measured in the same assay run.
In addition to the data on the cross-reactivity of the antiserum (see above), the specificity of the assay was studied by eluting ether extracts of pooled samples of saliva (1 ml) through Lipidex 5000 (Packard-Becker, Groningen, The Netherlands) columns (Fig. 1) . The solvent system used was 1.5% (0-12 ml), 10% (13-20 ml), and 40% (2 1-30 ml) chloroform in light petroleum. The eluate was collected in I-ml fractions, each of which was then dried under nitrogen, reconstituted in 0.5 ml PBS-BSA, and assayed for T (as above). In two salivary pools collected from boys under 15 days of age, 85% of the immunoactivity was eluted identically with tritiated T, and the rest in minor peaks with lower and higher polarity (Fig. 1) . In pooled saliva from older boys (150-160 days) the T fraction decreased, but the activity in the cross-reacting fractions remained similar (result not shown). Hence, although our nonchromatographic radioimmunoassay method is not strictly specific for T, the changes observed in total T immunoreactivity reliably reflect changes in salivary T concentration. Furthermore, our method gave mean values (+ SE, n = 7) of 256 k 37 and 56 + 6.9 pmol/liter for salivary samples collected (between 1200 and 1400 h) from young healthy men and women, respectively. These concentrations are in good agreement with those presented by others (7, 8) .
RESULTS
The curves of salivary T levels versus age for the individual boys in general showed the highest values in the first samples and then a gradually decreasing course. Surprisingly, no second peak analogous to the month 1-3 peak of serum T appeared in the salivary T concentrations (Figs. 2 and 3) . When all values were grouped for 10-day age periods, the highest mean concentration, 130 + 1 1.5 pmol/liter, occurred at the earliest age (1-10 days, Fig. 2) . The values then decreased until day 120, and thereafter salivary T stayed on a mean level of about 30 pmol/ liter to the end of the observation period.
We also calculated the interindividual differences in overall T activity over the observation period by measuring the area under the T concentration curve over the whole 6-month period for each subject. This was assessed in two ways (Fig. 4) , as the total area and as the area above the basal levels of salivary T (i.e. the mean of the three lowest individual concentrations was consid-. . ered the plateau). The two methods gave similar distributions with a 2.5-3.5-fold difference between the smallest and largest individual areas. To illustrate the individual differences and trends in T secretion, Figure 3 shows the T concentration curves for the subjects, with the lowest and highest areas under the curve and those of four other boys selected at random.
DISCUSSION
The salivary steroid concentrations closely reflect the nonprotein bound fractions of serum steroid (7, 8) , being therefore more direct indicators of biologically active hormone levels. The present measurements of salivary T in young infant boys may thus accurately reflect their exposure to biologically active androgen. Lack of knowledge on the exact correlation between plasma and salivary steroid levels in early infancy indicates caution in the interpretation of the present results. However, the present approach is the only noninvasive method available for longitudinal observations on androgen levels in infants.
Surprisingly, the pattern of postnatal salivary T levels was very different from that previously measured for peripheral serum. The latter levels decrease during the first postnatal week, but a prominent secondary peak appears before 3 months of age (1) (2) (3) (4) (5) (6) . The low prepubertal levels of serum T are gradually reached toward the age of 12 months (1-6). The salivary T levels, in contrast, were highest at birth and then showed a gradual decline with no sign of a second peak during the early postnatal months.
Cho et al. ( 10) also reported data on salivary T in neonatal boys between 1 and 12 months old. They presented no data on boys younger than 1 month, but in agreement with our findings no increase was found in salivary T between 1 and 2-4 months of age. These observations are at variance with those of Forest et al. (1-3) , who, using equilibrium dialysis method, found that free plasma T levels have a secondary peak parallel with the total plasma T peak.
The steady decline in salivary T levels during the first few months after birth occurs simultaneously with the increasing serum concentration of sex-hormone-binding globulin (1 1, 12) and with the increasing degree of binding of T to plasma proteins (1-3). Therefore, the second peak in plasma T may simply be due to increased binding of this steroid to plasma protein in the face of steadily declining levels of nonprotein-bound T. Our present findings on salivary T and the postnatal sex-hormonebinding globulin measurements by others (1 1, 12) agree with this explanation. In addition, they imply that the salivary T levels reflect free serum T levels also in early infancy, which has not been substantiated by direct measurements.
The testis tissue is clearly under increased gonadotropin support during months 1-3 of age, as demonstrated by measurements of circulating luteinizing hormone and follicle-stimulating hormone (2, 4, 6) . The gonadotropin peak could be a result of decreased negative feedback from the testis, as reflected by the decreased bioactive fraction of circulating T. Experiments in rhesus monkeys show that the testicular negative feedback on gonadotropin secretion is functional in utero (1 3) and immediately after birth (14) . The increased gonadotropin secretion obviously is responsible for the postnatal increase in testicular volume (10, 15, 16) . Whether it also stimulates testicular T production is unclear since Bidlingmaier et al. (1 6) were recently unable to demonstrate a 2-to 3-month peak in testicular T concentration. Some increase in T synthesis is likely due to the gonadotropin peak, but our present findings indicate that it is not reflected by the free fraction of serum T. Practically nothing is known about the physiologic role of the early postnatal testicular activity, although a role may be speculated in testicular descent, morphologic and functional sex differentiation of the central nervous system, and behavior (17) (18) (19) (20) (21) (22) (23) (24) . Previous measurements of serum gonadotropins and T have implied coincidence of the maximum androgen effect with the postnatal peak of serum T at the age of 1-3 months. However, our observations suggest that boys are exposed postnatally to the highest free T levels immediately after birth, which therefore may be the crucial period for neonatal androgen action.
Hitherto, postnatal serum T levels have been measured only from individual serum samples, which can shed no light on longitudinal changes in T production at this age. Salivary T measurements offer such longitudinal information. Our areaunder-curve measurements indicated a roughly 3-fold difference between extreme values for interindividual overall exposure, which is narrow compared with the normal ranges of many other hormones. Nevertheless, the present data clearly show that individual male infants are quite variably exposed to androgen. Whether this exposure determines any quantifiable parameters in the later life pattern of these individuals is still highly speculative. However, this is the first attempt to quantify the overall androgen exposure and its interindividual variation in early life.
